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积厚度分别为 0.2、0.4、0.6 和 1 µm 的硅薄膜。厚度为 0.2 µm 的硅薄膜材料具
有优异的循环性能和倍率性能，在 0.8 A/g 的电流密度下充放电 200 周后容量为
1461 mAh/g；当硅薄膜的厚度增加至 1 µm (硅薄膜中间夹入两层厚度为 10 nm 的
金属 Al 薄膜) ，前 120 周保持着优异的循环性能，且极片保持了良好的完整性。 
(2) 采用化学腐蚀和电化学还原的法，在泡沫铜的表面制备针状三维多孔结构，
再沉积得到厚度为 0.6 和 1 µm 的硅薄膜材料。当厚度为 0.6 µm 时，以 0.8 A/g
的电流密度充放电 500 周后，容量保持在 1132 mAh/g，循环性能优异；当厚度
为 1 µm 时，以 2.1 A/g 的电流密度充放电 100 周后，容量为 1208 mAh/g。 
本文还研究了一种新型硅基材料粘结剂-瓜尔豆胶。使用瓜尔豆胶作为粘结剂
时，硅基材料的性能明显优于使用 CMC、海藻酸钠等作为粘结剂时的性能。当
电流密度为 3.43 A/g 时，以瓜尔豆胶作为粘结剂的 Si/C 负极材料充放电 100 周
后容量为 1283 mAh/g，而以海藻酸钠作为粘结剂的 Si/C 负极材料充放电 100 周






















Si is one of the most potential anode materials, due to the high theoretical specific 
capacity, low voltage platform, low cost and abundant in nature. However, severe 
volume change during Li insertion and extraction processes and poor electrical 
conductivity of Si anodes lead to poor cycle performance and rate performance. In the 
thesis, different 3D structured collectors and a novel binder are applied to improve the 
electrochemical performance of Si based anode. 
First, the 3D net structure Si film anode is prepared by magnetron sputtering 
method on a foam Ni collector. When the thickness of the Si film is 200 nm, the 3D 
net structure Si film anode can cycle 300 cycles with a capacity of 1472 mAh/g at 4.2 
A/g. We also prepared different 3D porous structured collectors and high-performance 
Si films by magnetron sputtering method: (1) The 3D leaf-like porous structure is 
prepared on panel Cu by chemical etching and electrochemical reduction method, 
following magnetron sputtering method to obtain Si films with thickness of 0.2, 0.4, 
0.6 and 1µm, respectively. The Si film with thickness of 0.2 µm shows excellent cycle 
performance and rate performance with a capacity of 1461 mAh/g after 200 cycles at 
0.8 A/g. Even when the thickness of Si film increases to 1µm  ( two Al films with 
thickness of 10 nm are added in the middle of the Si film) , the Si film also exhibits 
wonderful cycle performance in the first 120 cycles with integrated structure. (2)  
Another 3D needle-like porous structure based Si film is prepared on foam Cu by the 
same methods with thickness of 0.6 and 1µm, respectively. The electrochemical 
performance of the 3D needle-like porous structure based Si film with the thickness of 
0.6 µm is excellent with a capacity of 1132 mAh/g after 500 cycles at 0.8 A/g. The Si 
film anode could also cycle 100 cycles with a capacity of 1208 mAh/g even when the 
thickness of the Si film increases to 1µm.    
A new binder (guar gum) for Si-based anodes is also studied in the thesis. The 
electrochemical performances of Si-based electrode with guar gum binder are much 
















as a binder, the Si/C anode could cycle 100 cycles with a capacity as high as 1283 
mAh/g, witch is much higher than that of Na alginate binder (991 mAh/g). 
In brief, forming a 3D structure is an effective way to improve the electrochemical 
performance of Si-based anode. And the guar gum is applied as a binder for Si-based 
anode for the first time to improve the electrochemical performances.   
 



































































质通常采用 LiPF6 的丙烯碳酸酯 (PC)、乙烯碳酸酯 (EC)和低粘度二乙烯碳酸酯 





                      
正极反应：                   (1)  
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要有 LiCoO2、LiNiO2、LiMn2O4 和 LiNiVO4 等正极材料应用于薄膜锂离子电池
中。Jang 等[9]通过射频磁控溅射制备得到了 LiCoO2 薄膜，研究得出薄膜电压的
循环稳定性随着颗粒的变大而降低，容量和能量密度随着颗粒的变大逐渐降低。
Lee 等[10]采用与 Jang 等相同的方法制备出 LiMn2O4 薄膜材料，以无定形 Si 薄膜
作为阳极，制备得到的 LiMn2O4 薄膜作为阴极，1mol/L LiPF6 的 PC 溶液作为锂
离子传输的介质，测试电压范围为 3.2-4.0 V 时，首次放电容量为 24 µAh/ (cm2. 
µm)，充放电 100 次后容量剩余 16µAh/ (cm2. µm) ，具有良好的循环性能。
LiNiVO4 薄膜由于其结晶度的多样性，既可以用作阳极材料又可以用作阴极材料。
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